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Lubrication of the Portable Air Compressor 


HE NEED for portable air power developed 
with the extension of good roads programs, 
arterial highways and building moderniza- 
tion. The ready mobility of the portable air com- 
pressor enabled it to fit in ideally with this work. 
The portable air compressor is a rugged machine. 

It is built to operate under all 


The portable compressor is unique as compared 
with conventional stationary designs. The builders 
have built a lot of air power into a very compact 
unit; certain types are constructed with their cylin- 
ders in a straight line, others, due to space limi- 
tations, include the principles of radial design, 

using either a “V"’ arrange- 





sorts of weather conditions. By 
reason of the fact that it must 
Operate in far-away places, tt 
cannot be temperamental, so 
the lubrication system is 
planned accordingly. Very 
often the air compressor, the 
Diesel or gasoline engine 
drive, and other essential parts 
are lubricated and maintained 
in much the same manner as 
the truck or tractor. Sometimes 
the operators do not fully 
appreciate the necessity for 
positive lubrication and the 
limitations of mechanical op- 
erations. Appreciation of these 
factors and a working knowl- 
edge of compressor and inter- 
nal combustion engine lubri- 


repair. 





HE portable compressor is in- 

triguing to the “sidewalk su- 
perintendent” as he watches the 
excavation activities around new 
building construction, highway 
Operations or railway track main- 
tenance. The contractor regards 
it as far more than a novelty, how- 
ever. It is the “breath of life” in 
his work. It must keep operating 
for if it stops all his air-powered 
tools also stop. Good mainte- 
nance procedure is good insur- 
ance against unexpected shut- 
downs. Good lubrication proced- 
ure assures against unwarranted 


ment or locating both the high 
and low pressure cylinders in 
the same plane but at different 
angles to form a ‘“W’’. In this 
design the vertical cylinder is 
the high pressure element. It 
is flanked on both sides by the 
low pressure cylinders. 


COOLING 


Portable compressors are 
cooled according to the service 
] for which they are intended 
| and the design involved. Cool- 
ing is necessary because when 
air is compressed, heat is gen- 
erated. Air cooling relieves 
the designing engineer of pip- 
ing and cylinder jacketing de- 
==! tails and eliminates the possi- 








cation requirements is most 
helpful in reducing operating costs. 


THE MACHINERY REQUIRED 
The basic machinery in a portable unit involves 
the air compressor which may be air-cooled or 
water-cooled, and the power plant which ts a gaso- 
line, Diesel or oil engine. 


bility of “freeze-ups’” in cold 
localities if a sudden cold wave catches the operator 
without anti-freeze. On the other hand, air-cooling 
requires an arrangement of cooling fins around the 
cylinders for heat radiation. 
Both methods of cooling have the same objec- 
tive, to control the cylinder wall temperatures so 
that abnormal over-heating will be prevented in 
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Figure }—Lubrication points (traffic side) on a four-wheel mounted, portable 2-stage, air-cooled compressor. 


Service once a day or every 8 hours operation. 
12—Compressor cronkcase oil level gauge and filler. 


Service once ao week or every 50 hours operation. 
51—Engine crankcase oil drain. 
52—Lubricating oi! filter. 
54—Engine and compressor air intake filters. 
57—Governor linkane. 


Service monthly or every 200 hours. 
201—Compressor crankcase oil drain. 
202—Engine and compressor fans. 
204—Engine crankcase and rocker arm breathers. 
206—Spring shackles and steering gear. 
207—Crank handle shaft bearings. 

Service once a year or every 2500 hours operation. 
2501 —Magneto. 


See builders instructions for more complete service and lubrication procedure. 


the interest of protecting the lubricating film and 
reducing power required for compression. 

Where cooling is properly maintained conven- 
tional air compressor oils are used. Where the en- 
gine and compressor are built into the one unit, 
however, engine oil is used throughout. 


THE COMPRESSOR 
The service to which a portable compressor can 
be applied is varied. Essentially, it must furnish 
normal pressure air (up to around 100 pounds 
pressure) to one, two or perhaps a dozen or more 
high speed air tools such as 
rock drills 
concrete breakers 
riveting guns 
chipping hammers 
tampers, etc. 
Two stage design predominates, with suitable 
provision for intercooling of the air. 


Service Load May Vary Widely 


Quite naturally, the service load will depend 
upon how the tools are used. When several con- 
crete or paving breakers run off the same air line 
simultaneously, the compressor may run at full 
speed and full load. Conversely, tamping might 


permit it to run at considerably less load. 

The service load has a lot to do with lubrication. 
The oil must be capable of meeting the most severe 
conditions even though the machine may not im- 
pose these conditions at all times. To be sure of this 
the operator must consider the adaptability of avail- 
able compressor oils to his particular service and 
the lubricating systems in the machines he is operat- 
ing. 

Conditions which can affect the performance of 
an air compressor oil and have a Sas on the 
selection of the type of oil, involve the —— 
and pressures encountered, the amount of conden- 
sation occurring and the metals used. 


Tem perature 


Air enters a portable compressor at around the 
atmospheric temperature. As the piston rises reduc- 
ing the cylinder volume the air is compressed. 
The air temperature at the end of compression 
depends on the pressure and varies according to 
Table I. In actual practice, the highest temperatures 
are reached in 100 pound single-stage machinery. 
Here the discharge temperature is about 485°, the 
average temperature of the air in the cylinder is 
in the neighborhood of 250°, while the oil which 
is in contact with a cooled cylinder surface is per- 
haps at 200°. Most portable compressors, however, 
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TABLE I 
Air Compressor Discharge Temperatures 
A p proximate 
Discharge Tem perature 


Gange Pressure Sinele-Stage Two-Stage 


60# os eal <2 00°F. 
SO# $30°F 25°F. 
LOO# i8S5°F. 45°F. 


are of two-stage design and operate at lower tem 
peratures throughout. 


The air leaving the discharge valve remains es 


sentially at the temperature corresponding to the 


discharge pressure. The oil on the discharge valve 
therefore may be exposed to this temperature for a 
considerable length of time when the compressor 1s 
working hard and not unloading for long periods 


There are several mechanical irregularities which 
can cause the temperature to go well above the 
normal discharge temperature such as: 


1. Leaking discharge valve permitting hot air to 





INLOADING MECHANISM 


ALL Ol PASSAGES 


ORILLED IN CRANK CASE 
\ 


re-enter the cylinders to mix with the intake 
air, and cause a corresponding increase in dis 
charge temperature. 


~ 


2. Failure of cooling system. 

3. Build-up of carbon restriction in discharge 
line necessitating an increase in cylinder dis 
charge pressure to deliver the desired receiver 
pressure. 


. Defective intercooler, causing one stage to do 
most of the compression. 

Low atmospheric temperatures are sometimes en- 
countered in operation of portable air compressors, 
however, since the compressor is connected to the 
engine through a clutch, the engine may be started 
independently. The cold starting characteristics of 
air compressor oil are not too important, especially 
since the compressor can be run completely un- 
loaded until the oil is flowing freely. 


Pressure 


Most portable air compressors are built for pres- 
sures between 60 and 100 pounds — for it is in this 
pressure range that most pneumatic machinery op- 
erates 


The maximum pressure behind the top 


CUSHION TYPE DISC VALVES 
FORGED STEEL SEATS AND BUMPE® 


HEAVY FORGED STEEL CRANKSHAF 
TIMKEN TAPER ROLLER MAIN BEARING 
PRECISION TYPE REMOVABLE 


CONNECTING ROD BEARINGS 


SEAR DRIVEN 


On PUMP 


f Gardner-Denver Compan) 


Figure 2—Sectional view of a Gardner-Denver two-stage water-cooled portable air compressor unit. Note features of the 
pressure lubricating system. 
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TABLE I! 
Strareht Mineral Rust and Heavy 
Paraffin Naphthente Oxidation Duty 
Base Base In ted Compounde Detergent 
Gravity 28 20 2 20 8 
Flash > i40 370 370 375 135 
Fire 500 {20 120 120 i85 
Viscosity (@ 100 290 330 33) 310 300 
(a, 130 140 140 140 130 140 
(a 210 ie +7 ¥i +7 5] 
Viscosity Index 100 0 0 10 85 
Pour Point 0 20 () () 5 
Carbon Residue 15 O04 O04 05 35 
Neutralization Number 03 03 03 OS 85 
Saponification No. 06 06 06 6.50 1.60 
Ash None None None None 25 


piston ring will be about equal to the discharge 
pressure. Maximum bearing pressures will be 4 or 
5 times the discharge pressure, but the conditions 
in a bearing are much more conducive to the for- 
mation of a continuous oil film. Thus, it would 
appear that the pressures which the oil film must 
withstand in the portable compressor are very mod- 
erate. Such will be actually the case in compressors 
which are perfectly designed, machined and prop- 
erly operated. 

Conditions not infrequently arise within the com 
pressor, however, which result in an uneven dis- 
tribution of the bearing or ring pressures. This 
makes it important to use compressor oils of good 
quality and of the grade recommended, if wear and 
scuffing are to be kept to the minimum. 


Moisture 


The ratio of actual moisture content to the mois- 
ture capacity of air is the relative humidity. Water 
condenses from air when the moisture content ex- 
ceeds the moisture capacity or that is, when the 
relative humidity reaches 100%. If the tempera- 
ture of the air is raised, as it usually 1s, on entering 
a compressor at the beginning of the suction stroke, 
then while the moisture content remains the same 
the potential moisture capacity is increased, conse- 
quently, the relative humidity decreases and con- 
densation does not occur. As air is compressed, the 
relative humidity would increase if there were no 
increase in temperature. Actually, as air is com- 
pressed, the temperature increases and the net com- 
bined effect is a rapid decrease in relative humidity 
with no possibility of condensation during the 
compression stroke. Normally, then, there is no 
condensation in a compressor cylinder during oper- 
ation. 


Condensation does occur, however, in an inter- 
cooler or after-cooler because here the air remains 
compressed and the temperature is lowered until 
the relative humidity passes 100% and the excess 
moisture is trapped out. 


Metals 


Among the metals found in air compressor con- 
struction are: cast iron, steel, aluminum, copper, 
bronze and babbitt. 


Lubricating Oil Properties 

There are five types of oils which deserve con 
sideration in a study of air compressor lubrication 
straight naphthenic, straight parafhine, compounded, 
heavy duty detergent and rust and oxidation in- 
hibited. Identifying tests on typical oils of these 
classifications are shown in Table II. These types 
of oils can be identitied quite readily. ¢ seen: 
naphthene, the parathne oils have higher gravity 
and flash point. Heavy duty detergent oils have an 
appreciable ash content from the additives which 
are used. Oils compounded with a vegetable or 
animal oil have a comparatively high saponification 
number. Whether an unknown oil contains a rust 
and oxidation inhibitor cannot be so readily de- 
termined, except that an experimental determina- 
tion of the anti-rust and oxidation resistance quali- 
ties will usually indicate whether or not such addi- 
tives are present. 


Bearing Lubrication 

Portable compressor bearings are usually lubri- 
cated by force feed or splash although other methods 
are occasionally employed. In the splash system oil 
in a reservoir in the crankcase is splashed by a 
scoop on the end of a connecting rod onto the 
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bearings and cylinders. The amount of 
splash can be regulated cither by vary 
ing the length of the scoop or the oil 
level. The oil level should be main 
tained so that the scoop on the connec? 
ing rod dips about 14” into the oil. 
With the compressor stopped, the oil 
level should be adjusted to this point 
and a corresponding mark placed on 
the oil level indicator. Usually the in 
dicator will already have a mark at about 
this point previously placed there by 
the manufacturer. 

The oil level should be checked daily 
and oil added as necessary. Too low an 
oil level may cause lubrication failure. 
Too high an oil level may cause foaming 
or high oil consumption causing a dan 
gerous carbon accumulation at the dis 
charge valve. Many compressors em 
ploying the splash system are designed 
so that the oil level which the connect 
ing rod scoop strikes is automatically maintained 
constant. 


In some designs the splashed oil is collected in 
an upper pocket from which it flows to the bear- 
ings. The crankcase is well sealed except for a 
breather or vent pipe which prevents build-up of 
pressure in the crankcase which would tend to 
cause oil leakage. Air alternately passes in and out 
through the breather which should therefore, be 
equipped with an air cleaner to keep the dust from 
getting in, and with baffles to keep entrained oil 
from getting out. Oil must be prevented from leak- 
ing where the crankshaft extends through the 
crankcase. Here an oil slinger is frequently em- 
ployed taking advantage of the centrifugal force to 
throw oil off the shaft. 

In the force feed system, oil under pressure is 
forced by an oil pump through passages to the 
various bearings. The oil drains back to the sump 
from which it is picked up by the pump and re- 
circulated. When an oil cooler and an oil filter are 
installed they are usually on the pressure side of 
the oil pump, fitted with by-pass pipes to prevent 
stoppage of the oil flow should they become 
clogged. The system also includes an oil pressure 
gauge and an oil pressure relief valve, adjusted to 
maintain the desired pressure. 

Portable compressor cylinders are lubricated by 
splash from the crankcase and the cylinder require- 
ments determine the type of oil which should be 
used in the crankcase. Since most cylinders are 
lubricated with an oil in the SAE-20 viscosity 
range the temperature of the crankcase oil should 
be accommodated to this grade. This means that 
the oil temperature should be kept under 160°F. to 
avoid excessive oi] consumption. 








Courtesy of Worthingt 


n Pump and Machinery Corp. 


Figure 3—Front section assembly of a typical Worthington portable air com- 
pressor showing oil level in crankcase and manner of oil distribution. 


A large sump increases the life of the oil by 
keeping the oil temperature down, thus giving it a 
chance to rest instead of being continuously ex- 
posed to the oxidizing conditions in the crankcase. 


Cylinder Lubrication 

The prime purpose of an oil is to lubricate the 
bearings and cylinders. Experience has demon- 
strated that the viscosity of an SAE-20 oil is suth- 
cient to keep the rubbing surfaces separated and 
piston rings sealed. SAE 10 oils have been used 
where surfaces are highly polished and tolerance 
is close, but the 20 grade is better for most units. 

The next most important consideration is to use 
an oil which will not form carbon on discharge 
valves since carbon is the primary cause of valve 
difficulties and may lead to a receiver fire. It is 
carbon that holds discharge valves Open causing 
recompression of hot air and a buildup of the dis- 
charge temperature until the kindling point of a 
dry porous carbon particle is reached. The carbon 
particle starts glowing, giving off heat which causes 
other pieces of carbon to smolder. The increasing 
heat evaporates the oil present in the discharge 
line and eventually all the carbon accumulated in 
the inter-cooler or air receiver will start burning. 
The heat generated causes expansion of air in the 
system which may escape through the safety valve 
or rupture the system depending largely on the 
amount of carbon and oil that has been allowed to 
accumulate. This is very unlikely to happen in the 
modern air compressor yet it is a point that must 
not be disregarded entirely. Valves should be 
cleaned periodically, receivers, intercoolers and 
aftercoolers drained regularly and the right type 
of oil used. 
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Figure 4—Side section assembly of a typical Worthington portable air com- 
pressor showing further details of the lubricating system. 


Even at the moderately low discharge tempera 
ture found in low pressure reciprocating air com- 
pressors, any oil remaining as a thin film on the 
discharge valve will eventually either evaporate or 
carbonize. A compressor which has been using a 
heavy paraffine oil which does not evaporate re adily 
will be found to have considerable carbon forma- 
tion on or adjacent to the discharge valves and a 
heavy oil film in the discharge passage. On the 
other hand, a compressor which has been using a 
light naphthenic oil which evaporates cleanly from 
hot surfaces will be found to have cleaner valves 
and drier ports. 


This narrows the selection of oil for best normal 
air compressor service to an SAE 20 naphthenic oil. 

The fact that naphthenic oils have low flash 
points augments rather than detracts from their 
suitability as air compressor cylinder lubricants. The 
flash point is a measure of the volatility of an oil 
and a volatile oil which will evaporate cleanly from 
hot discharge valves is what is wanted in an air 
compressor. Volatilization from the cylinder walls 
is a minor factor, most of the oil reaching the valves 
by the combination of mechanical and air — 

Flash point is determined by ap plication of ; 
test flame to the vapors above the oil surface in a 
test cup. In an air compressor, where there is no 
flame it is the auto ignition or kindling tempera- 








ture rather than the flash point that 
measures the ignitability of the lubri- 
cant inside the air compressor. This 
point is stressed by leading authorities 
viz: *“The natural inference of the 
reader after noting the temperatures of 
the air at the end of the piston stroke is 
that he must select an air cylinder oil 
which has a flash point higher than the 
maximum temperature apt to be en- 
countered within the air cylinder. As a 
matter of fact, this is not the case and 
it need only be carefully noted that the 
study of air cylinder temperatures is 
used mainly in testing lubricating oils 
to determine for resistance against 
breaking down into carbon etc.’’ It is 
also of notable interest that the well 
refined naphthenic base air compressor 
cylinder oils will have auto-ignition 
temperatures higher than correspond- 
ing paraffinic oils, and well above the 
air discharge temperatures. 
Pressure 

The influence of pressure on com- 
pressor lubrication is important, because 
just before metal to metal contact occurs 
in bearings or piston rings, local high 
spot pressures of thousands of pounds 
may exist. Under such critical conditions, the fact 
that naphthene oils increase more in viscosity at 
high pressure than parathne oils makes the ni iph- 
thene oil preferred for compressor lubrication. 


Condensation 

A factor influencing the selection of lubricating 
oil used is the amount of moisture from condensa- 
tion that may occur. Except where operating con- 
ditions are unusual, condensation occurs in an air 
compressor only in the inter-cooler, after-cooler or 
distribution system. The form: ition of rust on these 
elements has been considered a ' ‘necessary evil.” If it 
is desired, however, to minimize this rust formation, 
an SAE-20 naphthenic rust and oxidation inhibited 
oil is recommended. Such an oil is also recom- 
mended for air compressors which stand idle for 
long periods in humid climates. The other desirable 
properties of lubricating oils such as ease of separa- 
tion from water, freedom from foaming, non-cor- 
rosiveness to bearings, stability after long time 
storage and satisfactory general lubrication must of 
course be exhibited by these oils which are now 
not only inhibited against fresh water but also 
against salt water. This protection from rust is 
explained by the fact that the inhibitors plate out 
in minute quantities on interior parts protecting 


*From ‘Compressed Air Data” published by the Com- 
pressed Air Magazine. 
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them from the rusting action of moisture and air 
A polished strip of steel immersed in a straight 
mineral oil, removed and then immersed into dis 
tilled water, will corrode and rust very quickly. 
However, if a similarly polished steel strip be im- 
inhibited oil, removed and 


mersed in a suitably 


then immersed into distilled water, 


no corrosion 
occurs even after many hours at 140° F. Numerous 
air compressor tests show that suitably inhibited oils 
give adequate rust protection and at the same time 
improve the performance of the oil in other respects 
They are most resistant to oxidation, foaming, bear- 


ing corrosion and wear, 
Heavy Duty Oils 


Many 
which 


heavy duty’’ oils have many qualities 
make them promising two-stage portable 
compressor lubricants. They are very resistant to 
oxidation, give protection to bearings of all types. 
Many have good rust preventive qualities, are good 
lubricants under wet conditions, have 

high film strength and keep 
clean. The “heavy duty 


paraffine base: 


pistons 
oils are mostly 
therefore they 
ommended only when specifically ap- 
proved by the manufacturer for single 


stage compressors operating over 60 


pounds pressure. At higher discharge 
| Mi; —— 
temperatures naphtheni oils should be 


used to insure clean discharge valves 


About the only place a compounded 


fatty-oil lubricant is needed in portabl 
aif compressor s¢ rvice is when cylinder 
wear is occurring due to carry-over of 
condensate from the intercooler 
such conditions compounded oils 
emulsify with the water to maintain a 


suitable oil film. 


THE ENGINE 

As already stated, the modern port- 
able air compressor is driven either by a 
gasoline or oil engine. The four cycle 
principle predominates. Some designs 
are convertible from one fuel to the 
other by making simple substitution of 
fuel accessories. 


Gasoline Power 

Simplicity of design, and ready access 
to all parts have been accepted as fun- 
damental requirements by the builders 
of the zasoline engine for portable com- 
pressor service. Particular attention has 
been given to include completely auto- 
natic lubrication, doing away with all 
complications to assure positive dis- 
ribution of oil to the various parts. 
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The selection of lubricating oil for a gasoline 
engine should be made strictly on the basis of 
quality, involving chemical characteristics to in- 
sure proper refining for removal of impurities, and 
on the basis of viscosity, to insure the proper grade. 

Excessive friction may result from the use of an 
oil of either too high or too low viscosity. Too high 
a viscosity will give a good film but the internal 
friction in the oil may be excessive; conversely, if 
the viscosity is too low the film may be too thin, 
allowing excessive wear. The physical character- 
istic viscosity, therefore, is of importance in the 
selection of a motor oil, as it is a measure of the 
ability of the oil to maintain the proper film under 
the existing conditions of speed, pressure, and 
temperature, 


Protecting Lubrication 


Oil filters and air filters are advantageous in 
reducing engine wear, for they keep road dust out 





bicago Pneumatic Tool 


Figure 5—Showing bearing and lubrication oil pump details on a Chicago 


Pneumatic portable air compressor unit. 
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Figure 6—Details of the compressor mechanism in a Schramm portable air-compressor showing oil line with respect 
to other parts. 


of the air and fine abrasives out of the oil. 

Pressure circulation is advantageous in that it 
provides flood lubrication for the bearings to insure 
that they will not only be washed free from ac- 
cumulations of foreign matter, but also cooled to 
a certain extent. 

Lubrication is further protected when using a 
motor oi! which is fortified with materials to retard 
oxidation and give added stability to the oil film. 


Oil Gauge Pressure 

The oil gauge indicates that engine lubrication 
is being maintained. It does not, however, indicate 
the amount of oil being circulated. 

Oil gauge pressure and rate of circulation will 
vary according to the viscosity or relative fluidity 
of the oil. Oil pressure drop will frequently cause 
worry to some operators. It is an indication of im- 
paired lubrication, however, only when pressure is 
lost entirely, for this may mean a broken or in- 
operative pump. 

With the natural reduction in oil viscosity which 
accompanies normal engine operation, resistance to 
pumping will be proportionately reduced and flow 
rate increased. A certain amount of drop in pres- 
sure, especially during full load or warm weather 
operation, should, therefore, not be unexpected. 

In other words, the lighter the oil, the more 
easily will it pump and circulate; this requires less 
pressure. Reduction in body or viscosity may result 
ftom heating or dilution. If the oil pressure drops 
very low it may indicate that the viscosity of the 
oil is too low for the operating temperatures in- 
volved. Perhaps the oil was too light in the begin- 
ning or there has been excessive dilution. 

To correct this, check back on the grade of oil 
used and_run with as lean a fuel mixture as prac- 
ticable. Reduced choking, the least amount of 
idling, and bringing an engine up to operating 


temperature as soon as possible after starting will 
all aid in reducing dilution. 

High or rising gauge pressure during ope ration 
should be of far more concern, for it may be an 
indication of faulty lubrication due to clogged oil 
lines, or the oil being too sluggish and heavy to 
pump readily and distribute freely to the bearings, 
or splash to the cylinder walls, according to the 
type of lubricating system involved. 


Carbon De posits 


Just how an excess of lubricating oil may cause 
abnormal carbon deposits will be of interest. 
Theoretically, a very small amount of oil is neces- 
sary to maintain the requisite lubricating film on 
the cylinder walls and serve the respective bearings; 
actually, however, a considerable excess of oil will 
be used. Where the piston rings give the proper 
degree of seal and the cylinder walls are not ab- 
normally worn, very little oil should pass into the 
combustion chamber. If the oil level is carried too 
high, however, the amount of oil on the cylinder 
walls may be so excessive that some cannot help 
being pumped into the combustion chamber. A 
smoky exhaust may indicate oil pumping. 

Carbon in the combined form in petroleum prod- 
ucts, is not harmful. It is only a detriment, when, 
in the form of soot (from incomplete combustion), 
or deposits of carbonaceous tarry matter (from oxi- 
dation of the crankcase oil). This may, of course, 
have a very decided effect upon the operation of 
the engine, the amount of power developed and 
the amount of “knocking,” according to the extent 
to which carbon deposits are formed on the spark 
plugs, pistons, cylinder heads, around the rings, on 
valves and valve seats, and in the crankcase. 

The amount of ultimate carbonaceous residues, 
also their nature, will depend entirely upon the 
degree of heat present, the extent of refinement of 
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the lubricant, the base of the crude and the effec- 
tiveness of the additive in keeping the engine clean 
through the use of a “heavy-duty” oil. 


Diesel or Oil Engine Lubrication 

The Diesel or ot! engine gives the operator of 
a port ible air compressor an interesting alternative 
to the gasoline engine 

Oil engines are economical and suitable where 
starting is accomplished under normal tempera- 
tures. If a machine must start at extremely low 
temperatures, the gasoline engine is preferable 

The term “Diesel or oil engine’ as generally 
used, is applied to internal combustion engines 
that burn heavy liquid fuels. The distinguishing 
features of these engines are that the fuel vapor 1s 
not mixed with air before it is admitted to the 
cylinder, and no inflammable mixture of vapor and 
air is compressed preceding ignition 

Diesel engines compress air alone; the heat of 
compression is used to ignite the atomized liquid 
fuel which burns by consuming the oxygen of the 
air in the cylinder, the engine transforming the 
heat energy into work. To facilitate and accelerate 
the burning of a liquid fuel, it must be vaporized 
and intimately mixed with air immediately preced- 
ing its ignition. Both the Diesel and oil engine as 
designed for portable compressor service, are 
capable of burning practically any grade of liquid 
tuel from kerosene upward 


Lubrication Must Be Positive 
} 


I! 


The severe service cone 
tions prevailing in the lubr 
ating system of any such 
engine requires an oil of 
maximum stability. Inferior 
or unsuitable lubricating oils 
an cause gummy de posits 
which are not detected until 
they have formed to excess 
Meanwhile, the oil may still 
appear to be in fairly good 
physical condition 

Gummy deposits are most 
dangerous when they lodg« 
within the oil pipes leading 
to the bearings, or the oil 
lucts within the crankshaft 
ir the connecting rods. The 
accumulation of such depos- 
its may not be observed until 
sudden restriction or stop- 
page of oil to some bearing 
or group of bearings occurs, 
with resultant burned out 
bearings and the necessity for 
ostly repairs. 


Power Cylinder Lubrication 


[ficient lubrication of the power cylinders re- 
quires continual maintenance of an oil film on the 
cylinder walls to afford adequate protection regard- 
less of the grade of fuel, the completeness of com- 
bustion, the piston ring pressure, and the Operating 
temperature. Successful engine cylinder lubrication 
is dependent on three factors; 1.¢., 


1. The use of properly refined oil. 


2. Application of sufficient, though never ex- 
cessive, amounts, and 


3}. Delivery through oil-ways so located that the 
piston and rings and bearings will receive an 
ample supply. 


To secure the most effective lubrication of engine 
cylinders, the oil should be delivered continually 
to the cylinders and pistons by some form of auto- 
matic lubrication, which will insure a charge of 
sufficient volume to cover the entire cylinder wall 
under the swabbing action of the piston. 


Good Piston and Oil Film Seal Important 


The high pressure gases above the pistons of any 
such engine are prevented from leaking between 
the piston and cylinder walls by properly fitted 
rings in conjunction with a suitable sealing medium 
in the form of a lubricating film. Although the 
metal surfaces of cylinders, pistons, and rings are 
carefully finished and accurately fitted, leakage of 
gases cannot be prevented unless the small clear- 





Courtesy vf Schramm, Inc. 


Figure 7—Cut-awoy side view of a Schramm portable air compressor unit showing 
relative location of working mechanisms. 
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Courtesy of Ingersoll-Rand Company 


Figure 8—Details of the I-R unified power plant for two-stage air-cooled compressors. At the left is shown part of the con- 
stant level oiling system along with cylinder and piston arrangement. At the right the piston and crankcase assembly view 
shows more of the oiling system, the air-cooled oil reservoir and the cushioned arrangement of Timken bearings. 


ances between the wall and rings are sealed effec- 
tively by the lubricant. 

The lubricating oil film must be maintained 
under two concurrent conditions of operation; i.e., 
high temperature and high pressure. The higher 
the temperature of the products of combustion, the 
hotter will be the adjacent parts, with consequent 
reduction in the body of the oil film separating the 
metal surfaces. The greater the gas pressure, the 
more difficult it is to maintain a lubricating film 
between the rubbing surfaces. Proper functioning 
of the upper piston rings is particularly important 
under these conditions. 

The highest pressure is found behind the upper- 
most ring and is nearly as great as that on the 
piston head itself; it decreases gradually behind 
each succeeding ring until it is practically negligible 
behind the lowest ring. These pressures along with 
the natural spring of the rings will force them 
against the cylinder wall, producing a squeezing 
action which the lubricating oil must support. 


Combined Effect of Temperature and Pressure 

The high temperature of combustion in an 
engine cylinder occurs simultaneously with the high 
pressure. This combined action, especially under 
adverse conditions, will be very detrimental to the 
oil film which if inadequate will thin down to cause 
loss of compression and excessive cylinder liner 
wear. This inevitably results in increased cost of 
power and upkeep. 

Under such conditions of high pressure and 
temperature, the lubricant must be able to spread 
rapidiy on the cylinder walls and to replenish its 
own lubricating film. It must have film strength 


even when exposed to high combustion tempera- 
tures as well as the pressures to which it is sub- 
jected through the piston rings, and it must main- 
tain a complete piston seal effectively under all con- 
ditions. Cylinder liner wear is generally greatest at 
the combustion end of the cylinder, in the vicinity 
of the upper piston ring, where maximum tempera- 
tures and pressures exist. The wear decreases along 
the cylinder walls in proportion to the lower tem- 
peratures and pressures encountered during the 


power stroke. 


Bearing Wear 
e 


Excessive bearing wear may be as serious as 


excessive cylinder wear. It is impossible for metal 
surfaces under pressure, such as journals and bear- 
ings, to move im actual contact even for short 
periods of time without generating heat. This will 
quickly become excessive and eventually will injure 
the materials unless the surfaces are positively 
separated by a film of oil which lubricates as well 
as cools the bearings. 

While cylinder wear, in extreme cases, leads to 
loss in compression and consequent loss of power, 
excessive wear of main bearings, in addition to 
causing loss of power may also !ead to fracture of 
the crankshaft. In the four-cycle engine, compara- 
tively slight wear may be indicated by pounding, 
especially if this wear has occurred in the wrist 
pin bearings. 


Amount of Lubrication Required 

The quantity of oil which should be circulated 
through a bearing lubricating system varies widely, 
according to engine design and the means of 
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lubrication. It is largely dependent upon the size 
and speed of the unit as well as the design of the 
lubricating system. The chief requirement is that 
the amount of oil circulated shall be considerably 
in excess of what is actually necessary for lubrica- 
tion, to enable the volume of o:! flowing through 
the bearings to serve as a cooling medium in addi- 
tion to maintaining a film between the bearing 
surfaces. Properly refined oils of suitable viscosity 
(according to the operating conditions) carry the 
prevailing pressures, and also cool effectually. 


Selection of the Lubricating Oi! 

The engine manufacturer will usually designate 
the type and grade of oil to be used in his engine. 
Best performance results from the use of high 
quality oils in which additives are used to impart 
properties which give a clean powerful engine re- 
quiring a minimum of maintenance. A brief de- 
scription of such oil properties follows. 


HEAVY-DUTY DETERGENT TYPE 
ENGINE OILS 

The heavy duty detergent type oil is well suited 
for either gasoline or Diesel engine lubrication. 
The meaning of the term detergency and particular- 
ly its application to engine lubricating oils is of 
interest. The dictionary defines the action of deter- 
gency as the cleansing or purging away of foul or 
offending matter. This is exactly what the chemical 
compound added to the straight mineral base oil 
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does to prevent the piston rings from sticking in 
their grooves. In new or clean engines, the initial 
deposition of products of fuel combustion and oil 
decomposition is prevented. In used engines, deter- 
gency exerts a cleansing or dissolving action on old, 
previously formed deposits, preventing their re- 
deposition. 

During the combustion fuel deposits are formed 
consisting of gummy residues and soot. In addition, 
decomposition of the lubricating oil reaching the 
rings is also influenced by this combustion process. 
These gummy residues act as binders for the fuel 
soot and build up sticky deposits on the ring lands 
and in the ring grooves. 

The additive in the lubricating oil enables the 
oil reaching these engine parts to take up the 
deposits. This is accomplished partially by dissolv- 
ing them but mostly by dispersing them in a finely 
divided state. This washing action of the lubricat- 
ing oil in these potential deposit-forming bodies 
from fuel combustion is exerted as soon as the 
particles reach the oil. This same action occurs in 
other parts of the engine reached by combustion 
chamber products when blow-by occurs past the 
piston rings. These deposit-forming materials are 
partly dissolved and partly dispersed in suspended 
state throughout the lubricating oil and thus are 
able to be carried out of the engine when the oil 
is drained. Thus the engine is kept clean by this 
detergent action of the lubricating oil. 

Another characteristic of detergency in engine 
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Courtesy of Ingersoll-Rand Company 


Figure 9—Schematic diagram of pressure oiling system for I-R engines adaptable to 
portable air compressor service. 
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lubricating oils is the ability to remove previously 
formed deposits from the surfaces of engine parts. 
This action is likened to that exerted by soap and 
water in cleansing dirty surfaces. These removed 
deposits are then broken up and se ger in a 
finely divided state throughout the body of the oil 


for removal from the engine at the oil drain period. 


Oxidation Resistance 

As improvements in engine design were made, 
permitting the development of more power for 
the same size and weight, new materials were 
necessary to withstand the higher stresses imposed. 
Chief among these was the copper-lead bearing 
which could stand heavier loads and higher tem 
peratures than the ordinary babbitt bearing. With 
the rapid adoption of this bearing for heavy duty 
service in both gasoline and Diesel engines, it was 
discovered that under these more severe operating 
conditions ordinary motor oils were corrosive to 
this copper-lead mixture. This corrosiveness was 
brought about by the inability of this type of oil 
to resist oxidation which results primarily from the 
action of heat and atmosphere. The resultant acidic 
bodies formed by this oxidation process attacked 
the lead in the copper-lead mixture taking it into 
solution and leaving a porous copper structure 
which crumbled and broke away. Thus it became 
necessary to impait oxidation-resisting properties 
to the oil. 

Improvement in oxidation resistance of the 
straight mineral type engine oil, as determined by 
corrosiveness to the alloy type bearing, was attained 
by the use of chemical compounds or additives. 
These compounds were designated as oxidation 
inhibitors or corrosion inhibitors. 

The corrosion inhibitors primarily afford a pro- 
tection to the alloy type bearing so as to minimize 
the effect of acidic bodies on these bearings. 
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The oxidation inhibitors provide protection to 
this type of bearing by combatting the formation 
of acidic bodies; this also results in a minimizing 
of varnish and lacquer deposits on piston skirts. 


Dispersion 

During this development of oxidation-resistant 
heavy-duty engine oils dispersion was also im- 
proved. 

Dispersion in a lubricating oil is a physical re- 
action in that the products of fuel combustion, 
chiefly soot, along with some oil decomposition 
products are held in suspension. This appears to 
be accomplished by the dispersing of these con- 
taminating particles in a_ finely divided _ state 
throughout the body of the oil. By this action 
agglomeration of the particles is prevented and oil 
filters do not clog and strainers stay clean. 


Although the phenomenon of detergency em- 
ploys dispersion to a large extent, the two proper- 
ties should be considered separately. This is readily 
appreciated when one considers that while all deter- 
gent oils known today have good dispersive proper- 
ties, not all oils with high dispersion values display 
satisfactory detergency. 


CONCLUSION 


Just as with all other equipment, the careful 
attention given to the selection and application of 
good quality lubricants in the correct viscosity 
grades 1s the best insurance for low operating and 
maintenance costs. The wise operator will do well 
to avail himself of the benefits which result from 
the use of suitable additives in lubricants for both 
the compressor and the engine of portable air 
compressors. 


Printed in U.S.A. by 
Salley & Collins, Inc 
305 East 45th St. 
New York 17, N. Y 
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| aepeaaages your compressors with 
Texaco Alcaid, Algol or Ursa Oil and 
valves will stay clean .. . assuring more 
efficient and economical compressor oper- 
ation with full air pressure at your drills 
hour after hour. 


Texaco Alcaid, Algol and Ursa Oils are 
free of impurities that lead to formation 
of hard carbon deposits. They keep rings 


tree, valve action smooth and lively, ports 
and air lines clear. They provide Effective 
Lubrication for all your compressors — 
whatever their type or size. 

For Texaco Products and Lubrication 
Engineering Service, call the nearest of 
the more than 2500 Texaco distributing 
plants in the 48 States, or write The Texas 
Company, 135 E. 42nd St., N. Y. 17, N.Y. 


TEXACO LUBRICANTS 


FOR ALL AIR COMPRESSORS AND TOOLS 








Prolong the fe of Pheumatic Tools 


— BREAKERS, rock drills and other 
pneumatic tools in heavy service last 
longer, operate more economically, re- 
quire fewer repairs and replacements 
when you give them effective lubrication, 
Texaco Rock Drill Lubricants (E.P.). 
Texaco Rock Drill Lubricants (E.P.), 
as the name implies, have “extreme pres- 
sure” characteristics. They fully protect 
all moving parts under the severest loads 
and at all temperatures. They resist wash- 


out, prevent rusting in service, standby or 
storage, have no objectionable odor. 

Texaco Rock Drill Lubricants (E.P.) 
conform to the lubrication specifications 
of all leading manufacturers. 

For Texaco Products and Lubrication 
Engineering Service, call the nearest of 
the more than 2500 Texaco distributing 
plants in the 48 States, or write: 

The Texas Company, 135 East 42nd 
Street, New York 17, N. Y. 








THE TEXAS COMPANY ° 


ATLANTA 1, GA. . 
BOSTON 17, MASS. 
BUFFALO 3, N. Y. 
BUTTE, MONT. 
CHICAGO 4, ILL. 
DALLAS 2, TEX. 
DENVER 1, COLO. . 


133 Carnegie Way 

20 Providence Street 
14 Lafayette Square 
Main Street & Broadway 
. 332 So. Michigan Avenue 
2310 So. Lamar Street 
910 16th Street 


SEATTLE 11, WASH. 


TEXACO PRODUCTS = 


DIVISION OFFICES 


HOUSTON 1, TEX. . . 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL. . 929 South Broadway 
MINNEAPOLIS 2, MINN. 300 Baker Bldg. 
NEW ORLEANS 6, LA., 919 St. Charles Street 
NEW YORK 17,N. Y. 205 East 42nd Street 
NORFOLK 1, VA. Olney Rd. & Granby St. 
1511 Third Avenue 


Texaco Prodycts are manufactured and marketed in Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 




















